Embryos from rice (Oryza sativa L. var. Bluebonnet) and wheat (Triticum aestivum L.) contain an aminoacyl-tRNA protein transferase which transfers arginine from arginyl-tRNA to the N terminus of a protein acceptor. The activity was measured in vitro in a reaction mixture containing embryo supernatant fraction, buffer, sulfhydryl reagent, and arginyl-tRNA. It was not dependent on the usual cofactors for ribosomal protein synthesis, nor was it sensitive to cycloheximide or puromycin. However, the activity was inhibited by ribonuclease. The enzyme was purified 33-fold from a crude homogenate of rice embryos. An apparent endogenous substrate from rice embryos was prepared free of transferase activity; however, the transferase was not purified sufficiently to show absolute dependence on the presence of this endogenous substrate.
Aminoacyl-tRNA protein transferases catalyze the transfer of amino acids from aminoacyl-tRNA to the N-terminal ends of preformed protein acceptors (9, 14) . They were first discovered by Kaji et al. in E. coli (5) . They were subsequently found in rat liver (6) , plasma cell tumors (18) , sheep thyroid glands (16) , and rabbit liver (15) . These enzymes can be divided into two classes: those which are found in bacteria and transfer leucine and phenylalanine (8) , and those found in eucaryotes which transfer arginine (6, 13) .
The bacterial enzyme requires that an NH2-terminal arginine be present on the protein acceptor (9, 10) , and further that the tRNA moiety be intact, since no transfer occurs from the acylated 3'-pentanucleotide fragment of E. coli tRNAPhO. The exact anticodon triplet present on the tRNA molecule does not seem to be the basis for specificity in the reaction, since valyltRNAVl will not serve as a substrate, but phenylalanyl-tRNA"' wil (10) .
The enzyme isolated from rabbit liver has a requirement for aspartic or glutamic acid as the NH,-terminal amino acid of the acceptor protein (14) . bonnet) was performed by a modification of the organic solvent method of Johnston and Stern (4) .
MATERIALS AND METHODS
Enzyme Purification. The embryos were homogenized in 10 mM tris acetate, pH 7.8 (8 ml/g embryos) with a mortar and pestle at 0 C. The homogenate was centrifuged for 10 min at 27,000g at 3 C, and the supernatant fraction was decanted and subsequently centrifuged for 2 hr at 40,000 rpm in a Spinco TiSO rotor at 2 C. The supernatant fraction was removed and designated as crude supernatant fraction.
Crude An equal volume of 8.0 M urea containing 0.4% Triton X-100 and 20 mm potassium phosphate, pH 8.0, was added to the enzyme solution which was then allowed to stand for 10 min at 0 C. Four milliliters of this preparation were chromatographed at 2 C on a Sephadex column (2.5 X 45 cm) packed with Sephadex G-200 in the manner described by Sachs and Painter (12) . The column was eluted with 4.0 M urea in 20.0 mm potassium phosphate, pH 8.0, buffer. The A, was continuously monitored and 6.0-ml fractions were collected. The fractions were dialyzed separately overnight against 20 mm potassium phosphate, pH 8.0, at 0 C and then assayed.
Enzyme Assay. The enzyme usually was assayed by incubation with 1'C-arginyl-tRNA, 3.0 mm dithiothreitol, 20 mM tris acetate, pH 8.1, and 0.2 to 1.0 mg of rice protein substrate in a volume of 0.5 ml at 30 C. The protein substrate was prepared by heating the crude rice supernatant fraction for 5 min on a boiling water bath and dialyzing at 2 C for 48 hr against four changes of 200 volumes of 20 mm potassium phosphate pH 7.8. The procedure for preparation of 'C-arginyl-tRNA has been described (1).
The enzyme activity was also assayed where indicated by incubation with 40 mm tris acetate, pH 8.1, 3.0 mm dithiothreitol, 3 .5 mM Mg acetate, 0.2 tuc/ml of "4C-amino acids, 0.1 mm GTP, 4.0 mm creatine phosphate, 0.030 mg/ml of creatine kinase, 1.0 mi ATP, and 24 mm KCl in a volume of 0.5 ml.
The amount of radioactivity insoluble in trichloroacetic acid was determined as previously described (1) . All incorporation data reported are total counts corrected for background (42 cpm) . N-Terminal Analyses. A large amount of the "C-arginyl product was prepared using the ATP generating system reaction conditions given under "Enzyme Assay" above. The reaction mixture was dialyzed twice at 2 C against 200 volumes of 20 mm potassium phosphate buffer, pH 7.8, for 4 hr, once against the same buffer containing 1.0 mm '2C-arginine, and finally twice against the buffer alone. The product was stored in liquid N2 until needed. A portion of radioactive product was reacted with fluorodinitrobenzene as described by Block et al. (2) , and the purified product of this reaction hydrolyzed in a sealed ampoule in 6.0 N HCl for 18 hr at 105 C. The resulting free amino acids and free dinitrophenylated amino acids were chromatographed on Whatman No. 1 paper in the following two solvent systems: acetone-water-urea, 60:40:0.5, and water saturated 1-butanol. Chromatography was carried out at 25 C.
Another portion of radioactive product was used for the cyanate amino terminal analysis. For this purpose the mixture was reacted with sodium cyanate and hydrolyzed as described by Stark and Smyth (17) . The resulting hydrolysate was chromatographed on Whatman No. 1 paper with 70% aqueous acetone in addition to the solvents described above.
Chromatograms were dried, cut into 1.0-cm strips perpendicular to the direction of solvent flow, and counted in a liquid scintillation counter using 10 Miscelianeous. Protein concentrations were determined by either the Biuret method (7) or the Lowry et al. method (1 1) .
Ammonium sulfate precipitations were carried out at 0 C with solid ammonium sulfate using the nomograph of di Jeso (3) .
RESULTS
"C-Amino acid incorporation by rice supernatant fraction was not dependent on ribosomes. In addition, neither GTP nor a significant concentration of monovalent cation was required (Table I) . However, incorporation was dependent on the presence of Mg2+ and ATP.
Since the results presented in Table I were obtained by employing a mixture of "C-amino acids, "C-amino acids were added singly to the reaction mixture to determine which "Camino acids were responsible for the incorporation (Table II) .
Arginine was the only amino acid which significantly decreased the incorporation obtained with the crude supernatant fraction. It appears therefore that the soluble system is specific for arginine. As expected, employing "C-arginine as the sole labeled substrate gave good rates of incorporation, and this incorporation could be substantially reduced (3182 cpm to 25 cpm) by the addition of "C-arginine. Leucine and serine somewhat depressed this "C-arginine incorporation. This was probably due to trace amounts of "C-arginine in these amino acids, since the use of either "C-leucine or "C-serine alone did not result in significant incorporation by the rice supernatant fraction. If "C-arginyl-tRNA was employed as the substrate in the assay, Mg2+, ATP, and the ATP generating system were not necessary (Table III) . These components apparently were needed to synthesize arginyl-tRNA in vitro. As expected, the reaction was abolished by ribonuclease. The time course of the arginine incorporation was examined with the "C-arginyl-tRNA as substrate. The data in Figure 1 indicate a linear response for the first 10 to 15 min, and then a gradual decline in the rate of incorporation over the next 45 to 50 min.
The "C-arginine incorporation by the rice or wheat supernatant fraction was not sensitive to either puromycin or cycloheximide (Table IV) . we suggest that the heated rice preparation may serve in a similar manner here (13) .
The results of the N terminal analyses indicated that most of the incorporated 14C-arginine was in the N-terminal position (Table V) An attempt was made to purify the transferase from rice embryos. The maximum observed specific activity was obtained by using the procedure described under "Materials and Methods" (Table VI) . Attempts to purify the enzyme further were unsuccessful. The broad range of molecular size, as measured by the agarose gel column chromatography, was decreased considerably in 4.0 M urea (Fig. 2) . This decrease in size in the presence of urea could be due to inactivation of certain forms of the enzyme or to disruption of large aggregates.
Increasing concentrations of sulfhydryl reagent (2-mercaptoethanol) irreversibly denatured the enzyme but did not change its distribution upon fractionation with ammonium sulfate. This is in marked contrast to the behavior of the rabbit liver enzyme, where 100 mm 2-mercaptoethanol apparently removed the enzyme from an enzyme-macromolecular complex (13 The enzyme from cereal embryos is similar to the one found in rabbit liver inasmuch as it appears to be bound to a complex cellular fraction. However, in the case of the cereal enzyme, the bonding does not appear to be eliminated with sulfhydryl reagents.
The occurrence of this class of enzymes in bacteria, mammals, and higher plants suggests that they may serve an important function in modifying pre-existing proteins.
LITERATURE CITED
